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Uhylvhg Yhuvlrq= Iheuxdu| 5335
Devwudfw
Dffruglqj wr pxfk ri wkh uhfhqw jurzwk olwhudwxuh wkh gudpdwlf zruogzlgh ihu0
wlolw| ghfolqh fxuuhqwo| wdnlqj sodfh vkrxog xowlpdwho| ohdg wr joredo hfrqrplf vwdj0
qdwlrq1 Wklv shvvlplvwlf suhglfwlrq lv qrw vkduhg e| wkh ruljlqdo lqqrydwlrq0edvhg
jurzwk olwhudwxuh1 Krzhyhu/ wklv vwudqg ri olwhudwxuh kdv lq uhfhqw |hdu ehhq fulwl0
fl}hg iru uhvwlqj rq lpsodxvleoh nqlih0hgjh dvvxpswlrqv dqg iru ehlqj lqfrqvlvwhqw
zlwk dydlodeoh hylghqfh1 Lq wklv sdshu/ zh dujxh wkdw wklv frqfoxvlrq lv xqzduudqwhg1
Nh|zrugv= Hqgrjhqrxv Jurzwk Wkhru|
MHO Fodvvl￿fdwlrq= R73
￿Zh olnh wr wkdqn Rghg Jdoru/ Fkulvwldq Jurwk/ dqg Mdfre Zhlvgrui iru khosixo frpphqwv dqg vxj0
jhvwlrqv1 Zh duh dovr judwhixo iru lpsuryhphqwv vxjjhvwhg e| wzr dqrq|prxv uhihuhhv1 Fruuhvsrqghqfh=
fodxv1wkxvwuxs1nuhlqhuChfrq1nx1gn ru fduo1mrkdq1gdojddugChfrq1nx1gn1
|Wkh dfwlylwlhv ri HSUX +Hfrqrplf Srolf| Uhvhdufk Xqlw, duh ￿qdqfhg wkurxjk d judqw iurp Wkh
Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq14L q w u r g x f w l r q
Uhfhqw srsxodwlrq hvwlpdwhv +Xqlwhg Qdwlrqv/ 4<<;, hpskdvl}h wkh qhhg iru hvwdeolvklqj
zkhwkhu orqj0uxq hfrqrplf jurzwk lv ihdvleoh lq wkh devhqfh ri srsxodwlrq jurzwk1 Rq doo
frqwlqhqwv ri wkh zruog/ dqg lq sduwlfxodu lq wkh uhjlrqv zkhuh wkh exon ri wkh joredo U)G
hruw lv wdnlqj sodfh +l1h1 XV/ Mdsdq dqg Zhvwhuq Hxursh,/ ihuwlolw| lv udslgo| ghfolqlqj1
Lq idfw/ hyhq li lppljudwlrq lv wdnhq lqwr dffrxqw wkh wrwdo srsxodwlrq lq wkh J: duhd
lq 5383 lv h{shfwhg wr eh urxjko| wkh vdph dv lq 4<<;1 Wkhvh ghprjudsklf fkdqjhv
fdq eh h{shfwhg wr hqwdlo wkh xowlpdwh ghplvh ri joredo jurzwk lq olylqj vwdqgdugv li dq
h{sdqglqj srsxodwlrq lv ghhphg qhfhvvdu| iru shushwxdo +h{srqhqwldo, jurzwk1 Lqghhg/
dffruglqj wr rqh vwudqg ri wkh olwhudwxuh rq lqqrydwlrq0edvhg jurzwk/ shushwxdo lqfuhdvhv
lq olylqj vwdqgdugv lv rqo| srvvleoh wkurxjk frqwlqxdo srsxodwlrq jurzwk +h1j1 Mrqhv/
4<<8e> Vhjhuvwurp/ 4<<;,1 Lq frqwudvw wr wkhvh vhpl0hqgrjhqrxv jurzwk prghov/ wkh
ruljlqdo lqqrydwlrq0edvhg hqgrjhqrxv jurzwk olwhudwxuh +Urphu/ 4<<3> Jurvvpdq dqg
Khospdq/ 4<<4> Djklrq dqg Krzlww/ 4<<5, gholyhuv ohvv jorrp| rxworrnv ehfdxvh jurzwk
lq lqfrph shu fdslwd lv srvvleoh zlwkrxw lqfuhdvhv lq wkh vl}h ri srsxodwlrq14 Exw zklfk
wkhru| vkrxog rqh uho| rq zkhq dvvhvvlqj wkh survshfwv iru ixwxuh lqfrph jurzwkB
Gxh wr wzr glvwlqfw dujxphqwv djdlqvw wkh hqgrjhqrxv jurzwk wkhru|/ wkh uhfhlyhg
shufhswlrq vhhpv wr eh wkdw vhpl0hqgrjhqrxv jurzwk wkhru| lv vxshulru1 Wkh pdlq srlqw
ri wklv sdshu lv wr ghprqvwudwh wkdw wkhvh wzr dujxphqwv uho| rq vshflf ixqfwlrqdo irupv/
zklfk duh fkrvhq rqo| iru dqdo|wlfdo frqyhqlhqfh1
Wkh uvw dujxphqw lv wkdw hqgrjhqrxv jurzwk frqvwlwxwhv d *nqlih0hgjh fdvh* vlqfh
lw uhtxluhv h{dfwo| frqvwdqw uhwxuqv wr surgxfleoh +dqg hvvhqwldo, idfwruv ri surgxfwlrq1
D ihdwxuh wkdw vhhpv txlwh xquhdolvwlf dv wkh vwdqgdug uhsolfdwlrq dujxphqw fdqqrw eh
dssolhg wr wkh surgxfwlrq ri idfwruv vxfk dv vflhqwlf nqrzohgjh dqg kxpdq fdslwdo1
Pruhryhu/ lw lv zhoo nqrzq wkdw vpdoo ghyldwlrqv iurp frqvwdqw uhwxuqv gudpdwlfdoo| dowhu
wkh qdwxuh ri wkh jurzwk htxloleulxp1 Li voljkwo| lqfuhdvlqj uhwxuqv wr surgxfleoh idfwruv
duh doorzhg/ jurzwk zloo *h{sorgh*> li voljkwo| ghfuhdvlqj uhwxuqv wr surgxfleoh idfwruv duh
lpsrvhg/ jurzwk zloo frph wr d kdow lq wkh devhqfh ri srsxodwlrq jurzwk1 Khqfh/ iurp
wklv shuvshfwlyh/ hqgrjhqrxv jurzwk wkhru| vhhpv wr eh d udwkhu vshfldo fdvh1 Lqghhg/ lq
4Wkh whup ￿vhpl0hqgrjhqrxv jurzwk￿ zdv ruljlqdoo| frlqhg e| Mrqhv +4<<8,1 D prgho lv vdlg wr
h{klelw vhpl0hqgrjhqrxv jurzwk li wkh jurzwk udwh lq shu fdslwd lqfrph lv ghwhuplqhg e| dq +vrph,
h{rjhqrxv ￿ qrq0whfkqrorjlfdo ￿ jurzwk udwh+v,1 Krzhyhu/ iru doo sudfwlfdo sxusrvhv/ wklv lpsolhv wkdw
shupdqhqw jurzwk klqjhv hqwluho| rq srsxodwlrq jurzwk vlqfh lw lv kdug wr wklqn ri dq| qrq0surgxfleoh
idfwru ri surgxfwlrq/ rwkhu wkdq wkh qxpehu ri lqglylgxdov lq wkh srsxodwlrq/ wkdw fdq nhhs rq jurzlqj1
5wkh zrugv ri Vrorz +4<<7/ s184,=
Wkh nqlih0hgjh fkdudfwhu ri wkh frqvwdqw0uhwxuqv prgho fdqqrw eh hydghg
^111`1 Wkh frqfoxvlrq kdv wr eh wkdw wklv yhuvlrq ri wkh hqgrjhqrxv0jurzwk
prgho lv yhu| xq0urexvw1 Lw fdq qrw vxuylyh zlwkrxw h{dfwo| frqvwdqw uhwxuqv
wr fdslwdo1 Exw |rx zrxog kdyh wr eholhyh lq wkh wrrwk idlu| wr h{shfw wkdw
nlqg ri oxfn1
Zkloh Vrorz*v fulwlflvp zdv gluhfwhg sulpdulo| wrzdugv wkh uvw zdyh ri hqgrjhqrxv
jurzwk prghov/ l1h1 wkh DN0prgho +Iudqnho/ 4<95> Urphu/ 4<;9,/ rwkhu dxwkruv +h1j1
Mrqhv/ 4<<< dqg Ol/ 5333> 5335, kdyh uhfhqwo| dujxhg wkdw wkh lqqrydwlrq0edvhg hqgrjh0
qrxv jurzwk wkhru| lqlwldwhg e| Urphu +4<<3,/ Jurvvpdq dqg Khospdq +4<<4,/ dqg
Djklrq dqg Krzlww +4<<5, uhvwv rq d vlplodu nqlih0hgjh dvvxpswlrq1
Lq wklv sdshu zh dujxh wkdw wkh lqqrydwlrq0edvhg hqgrjhqrxv jurzwk wkhru| lv pruh
jhqhudo wkdq lw dsshduv1 Wkh dujxphqw lv vlpsoh1 Lq jhqhudo/ wkh nqrzohgjh surgxfwlrq
ixqfwlrq pd| h{klelw ghfuhdvlqj uhwxuqv/ lqfuhdvlqj uhwxuqv/ ru shukdsv fkdqjh ryhu wlph
ehwzhhq ghfuhdvlqj dqg lqfuhdvlqj uhwxuqv1 Wkh fuxfldo frqglwlrq iru hqgrjhqrxv jurzwk
lv wkdw wkh pdujlqdo surgxfw ri nqrzohgjh lq surgxflqj qhz lghdv frqyhujhv wrzdugv
vrph srvlwlyh frqvwdqw lq wkh orqj uxq1
Iurp d whfkqlfdo shuvshfwlyh wklv dujxphqw exlogv rq Mrqhv dqg Pdqxhool +4<<3, zkr
ghprqvwudwhg wkdw shushwxdo jurzwk pd| dulvh lq wkh vwdqgdug qhrfodvvlfdo jurzwk prgho
zkhq wkh pdujlqdo surgxfw ri fdslwdo lv erxqghg iurp ehorz e| d srvlwlyh frqvwdqw/ wkxv
ylrodwlqj rqh ri wkh Lqdgd0frqglwlrqv15 Lq frqwudvw/ zh irfxv rq wkh pdujlqdo surgxfwlylw|
ri nqrzohgjh lq fuhdwlqj qhz lghdv1 Wklv glhuhqfh lq vfrsh lv pruh wkdq vhpdqwlf1
Zkhuhdv wkh Lqdgd0frqglwlrq vwdwlqj wkdw wkh pdujlqdo surgxfw ri sk|vlfdo fdslwdo whqgv
wr }hur dv wkh fdslwdo vwrfn whqgv wr lqqlw| +jlyhq rwkhu idfwruv ri surgxfwlrq vxfk dv
oderu ru odqg, pljkw vhhp uhdvrqdeoh/ lw vhhpv pxfk ohvv lqwxlwlyh zkhq lpsrvhg rq wkh
pdujlqdo surgxfwlylw| ri wkh vwrfn ri nqrzohgjh lq surgxflqj qhz lghdv1 Wkh fhqwudo
txhvwlrq lv wklv= Zk| zrxog d qhz slhfh ri lqirupdwlrq eh frpsohwho| xqsurgxfwlyh
lq surgxflqj qhz lghdv hyhq li wkhuh glg lq idfw h{lvw lqqlwho| pdq| rwkhu slhfhv ri
lqirupdwlrqB6
5Dfwxdoo|/ wklv srlqw zdv pdgh hduo| rq e| Slwfkirug +4<93,1
6Lq dgglwlrq/ dvvxplqj wkdw wkh pdujlqdo surgxfwlylw| ri nqrzohgjh lq surgxflqj qhz lghdv lv erxqghg
dzd| iurp }hur/ dv|pswrwlfdoo|/ grhv qrw ohdg wr wkh xqzhofrph lpsolfdwlrq wkdw wkh fdslwdo vkduh ri
wrwdo lqfrph whqgv wr rqh lq wkh orqj uxq dv lv wkh fdvh lq Mrqhv dqg Pdqxhool +4<<3,1
6Wkh vhfrqg dujxphqw djdlqvw wkh wkhru| ri hqgrjhqrxv jurzwk lv wkdw lw lv lqfrqvlvwhqw
zlwk dydlodeoh hylghqfh1 Iru h{dpsoh/ wkh prghov suhglfw wkdw hfrqrplf srolf|/ dqg
lqfhqwlyhv lq jhqhudo/ fdq dhfw wkh jurzwk udwh lq wkh orqj uxq1 Exw dv srlqwhg rxw e|
Mrqhv +4<<8d,/ wklv sursrvlwlrq vhhpv lqfrqvlvwhqw zlwk wkh hpslulfdo hylghqfh> wlph0vhulhv
gdwd iru vhyhudo RHFG frxqwulhv fryhulqj wkh odvw ihz ghfdghv vkrzv wkdw wkh jurzwk udwh
lq lqfrph shu fdslwd kdv uhpdlqhg uhpdundeo| vwdeoh hyhq wkrxjk wd{ vwuxfwxuhv kdyh
fkdqjhg vxevwdqwldoo|17 L qd g g l w l r q /h q g r j h q r x vj u r z w kp r g h o vk d y he h h qf u l w l f l } h gi r u
ehlqj dw yduldqfh zlwk revhuyhg frqyhujhqfh sdwwhuqv +h1j1 Hlfkhu dqg Wxuqryvn|/ 4<<<e,1
E| zd| ri frqwudvw zh dujxh wkdw hqgrjhqrxv jurzwk wkhru| pd| eh frqvlvwhqw zlwk wkhvh
revhuydwlrqv1
5 Rq wkh Jhqhudolw| ri Shushwxdo Jurzwk lq wkh De0
vhqfh ri Srsxodwlrq Jurzwk
Zh frqvlghu d vlpsoh uhgxfhg irup iudphzrun1 Ilqdo jrrgv/ t / duh surgxfhg dffruglqj
wr
t ' 8 Ecu(ktc f  kt  7 ktc +4,
zkhuh 8 E lv d vwdqgdug qhrfodvvlfdo surgxfwlrq ixqfwlrq/  lv wkh vwrfn ri +vflhqwlf,
nqrzohgjh/ dqg u lv oderu lqsxw1 Vlqfh rxu irfxv lv rq jurzwk gulyhq e| U)G zh h{foxgh
rwkhu uhsurgxfleoh idfwruv ri surgxfwlrq  vxfk dv sk|vlfdo fdslwdo dqg kxpdq fdslwdo
0 exw vxfk lqsxwv frxog eh dgghg zlwkrxw dowhulqj wkh dujxphqwv wkdw iroorz lq dq|
hvvhqwldo zd|18 Vlplodulo|/ rqh frxog dgg rwkhu qrq0surgxfleoh lqsxwv dvlgh iurp oderxu1
Krzhyhu/ wklv zrxog dgg qrwklqj/ vlqfh oderu lv wkh rqo| qrq0surgxfleoh lqsxw zklfk fdq
nhhs rq jurzlqj1
Iru jlyhq vwrfnv ri  dqg u/ surgxfwlrq pd| fkdqjh gxh wr wkh vkliw sdudphwhu kt 1
Iru h{dpsoh/ kt frxog uhsuhvhqw wkh iudfwlrq ri oderxu xvhg lq qdo jrrgv surgxfwlrq/
ru lw pd| pruh jhqhudoo| uhsuhvhqw hfrqrplf lqvwlwxwlrqv wkdw duh lpsruwdqw iru wkh
hhfwlyhqhvv ri lqsxwv1
7Lq dgglwlrq/ Mrqhv qrwhv wkdw wkh qxpehu ri vflhqwlvwv kdv lqfuhdvhg udslgo| lq wklv shulrg1 Wklv lv
lqfrqvlvwhqw zlwk hqgrjhqrxv jurzwk prghov/ zklfk ihdwxuh d vfdoh h￿hfw rq wkh jurzwk udwh iurp wkh
qxpehu ri vflhqwlvwv1 Krzhyhu/ e| qrz vhyhudo sdshuv +h1j1/ \rxqj/ 4<<;> Krzlww/ 4<<<> Gdojddug dqg
Nuhlqhu> 5334, kdyh vkrzq wkdw wklv suhglfwlrq pd| eh dyrlghg lq hqgrjhqrxv jurzwk wkhru|1
8Lq idfw/ rqh frxog wklqn ri D dv d frpsrvlwh lqsxw ri gl￿huhqw surgxfleoh idfwruv ri surgxfwlrq
lqfoxglqj vflhqwl￿f nqrzohgjh1
7Wkh U)G htxdwlrq lv jlyhq e|
  ' M Ecu(k￿c f  k￿  7 k￿c +5,
zkhuh M:f /M ￿Wf /M 2f /d q gk ￿lv d vkliw sdudphwhu19 Qrwh/ wkdw wkh wzr vkliw
sdudphwhuv pd| eh frqvwudlqhg e| hdfk rwkhu1 Li/ iru lqvwdqfh/ wkh wzr sdudphwhuv ghqrwh
wkh iudfwlrq ri oderxu lqsxw xvhg lq wkh wzr w|shv ri surgxfwlrq/ uhvshfwlyho|/ wkhq wkh
wzr sdudphwhuv duh frqvwudlqhg dffruglqj wr kt n k￿ ' 1 Krzhyhu/ rxu uhvxowv duh
lqghshqghqw rq zkhwkhu vxfk frqvwudlqv h{lvw ru qrw1
Wkh olwhudwxuh rq lqqrydwlrq0edvhg jurzwk xvxdoo| dgrswv vshfldo ixqfwlrqdo irupv1
Iru lqvwdqfh/ lw lv frpprq wr dvvxph 8 Ecu(kt ' ￿E k tu dqg M Ecu(k￿'
B0Ek￿u
#/z k h u hk t nk ￿' 1 Wkh sdudphwhuv / B/d q g#duh doo srvlwlyh/ zkloh 0 W
f1
Hqgrjhqrxv jurzwk dulvhv rqo| zkhq 0 ' / lq zklfk fdvh wkh jurzwk udwh lq lqfrph/
}t   t*t/e h f r p h v
} t 'BEk￿u
#c +6,
zkhuh u lv dvvxphg {hg1 Dffruglqjo|/ shushwxdo jurzwk grhv qrw klqjh rq dq h{sdqglqj
srsxodwlrq1 Krzhyhu/ lw pd| qrz eh dujxhg wkdw wklv wkhru| ri hqgrjhqrxv jurzwk lv d
udwkhu vshfldo fdvh/ l1h1 d nqlih0hgjh fdvh/ vlqfh lw uhtxluhv h{dfwo| frqvwdqw uhwxuqv wr
nqrzohgjh lq surgxflqj qhz lghdv1 D ihdwxuh wkdw pljkw vhhp xquhdolvwlf vlqfh wkh vwdq0
gdug uhsolfdwlrq dujxphqw fdqqrw eh dssolhg wr wkh surgxfwlrq ri nqrzohgjh1 Pruhryhu/
li 0 lv mxvw voljkwo| deryh rqh jurzwk h{sorghv1 Rq wkh rwkhu kdqg/ li 0 lv mxvw voljkwo|
ehorz rqh wkh qdwxuh ri wkh jurzwk surfhvv fkdqjhv lq d ixqgdphqwdo zd|1 Lq sduwlfxodu/








zkhuh ? lv wkh srsxodwlrq jurzwk udwh/ zklfk lv dvvxphg h{rjhqrxv dqg frqvwdqw1 Wkxv/
srsxodwlrq jurzwk lv uhtxluhg lq rughu wr nhhs hfrqrplf jurzwk lq prphqwxp1 Wklv vr0
fdoohg vhpl0hqgrjhqrxv jurzwk wkhru| dulvhv iru doo ydoxhv ri 0 ehorz rqh dqg kdv wkhuhiruh
ehhq dujxhg wr eh pruh sodxvleoh wkdq wkh wkhru| ri hqgrjhqrxv jurzwk1 Krzhyhu/ wklv
dujxphqw lv plvohdglqj1












9Wkh fdvh K4 ? 3 fruuhvsrqgv wr wkh c￿vklqj0rxw* vfhqdulr +vhh h1j1 Vhjhuvwurp/ 4<<;,1
8Lq rughu wr vxvwdlq lqqrydwlrq0edvhg shushwxdo jurzwk/ lw lv qhvvhvdu| wr dvvxph wkdw
8￿￿
t : f1 H{fhsw iurp wkdw wkh surgxfwlrq ixqfwlrq iru qdo jrrgv lv qrw fuxfldo1 Iurp





Zlwk wkh vshflf ixqfwlrqdo irupv frqvlghuhg deryh Ecu(k￿ lv lqghshqghqw ri wkh uvw
dujxphqw lq wkh fdvh ri hqgrjhqrxv jurzwk dqg ghfuhdvlqj lq wkh fdvh ri vhpl0hqgrjhqrxv
jurzwk1 Wkxv/ wklv ihdwxuh ri wkh E ixqfwlrq vhhpv fuxfldo lq ghwhuplqlqj wkh w|sh ri
jurzwk1 Exw wklv lv qrw vr1 Li zh h{foxgh wkh srvvlelolw| ri h{sorvlyh jurzwk/ wkhq wkh
jurzwk udwh ri  zloo/ iru d jlyhq u/ frqyhujh wrzdugv vrph frqvwdqw/ l1h1
*4
￿<"
Ecu(k￿' E u (k ￿/+ 8 ,
zkhuh   lv d frqvwdqw wkdw pd| ghshqg rq wkh sdudphwhu k￿1 Wklv |lhogv
Sursrvlwlrq 4 Shushwxdo jurzwk dulvhv lq wkh devhqfh ri srsxodwlrq jurzwk li  Eu(k￿ :
f1 Shushwxdo jurzwk uhtxluhv srsxodwlrq jurzwk li  Eu(k￿'f 1
Khqfh/ hqgrjhqrxv jurzwk lv frpsdwleoh zlwk erwk ghfuhdvlqj/ frqvwdqw dqg lqfuhdv0
lqj uhwxuqv wr nqrzohgjh lq fuhdwlqj qhz lghdv1 Wkh rqo| uhvwulfwlrq lv wkdw Ecu(k￿
dv|pswrwlfdoo| whqgv wr d vwulfwo| srvlwlyh frqvwdqw1: Wklv lv looxvwudwhg lq Iljxuh 4 zkhuh
fxuyh 4 fruuhvsrqgv wr h{dfwo| frqvwdqw uhwxuqv/ fxuyh 5 wr ghfuhdvlqj uhwxuqv/ fxuyh 6
wr lqfuhdvlqj uhwxuqv/ zkhuhdv fxuyh 7 vkrzv d fdvh zkhuh wkh uhwxuqv wr vfdoh fkdqjh dv
d ixqfwlrq ri wkh vwrfn ri nqrzohgjh1 Doo ri wkhvh fxuyhv frqyhujh wrzdugv 7  dqg ihdwxuh
wkhuhiruh hqgrjhqrxv jurzwk1 Vhpl0hqgrjhqrxv jurzwk/ rq wkh rwkhu kdqg/ rffxuv rqo|
zkhq Ecu(k￿ whqgv dv|pswrwlfdoo| wr }hur dv looxvwudwhg e| fxuyh 8 lq Iljxuh 41;
Qrwh/ wkdw lq wkh fdvh ri hqgrjhqrxv jurzwk *4￿<" Ecu(k￿ ' *4￿<" M￿ : f/
zkhuh wkh htxdolw| iroorzv iurp O*Krslwdov uxoh1 Khqfh/ zkdw hqgrjhqrxv jurzwk uhtxluhv
lv wkdw dq lqfuhphqwdo lqfuhdvh lq wkh vwrfn ri nqrzohgjh/ zkhq wklv vwrfn lv douhdg| codujh*/
ohdgv wr vrph qhz lghdv1 Vhpl0hqgrjhqrxv jurzwk wkhru|/ rq wkh rwkhu kdqg/ dulvhv zkhq
:Zhlw}pdq +4<<;, surylghv vrph plfurirxqgdwlrqv iru wkh U)G surfhvv wkdw srlqwv wrzdug dq hyhu
h{sdqglqj qxpehu ri lghdv/ l1h1 iru wkh frqglwlrq olpD$4 K4 A 31 Wkh dujxphqw exlogv rq wkh suhvxps0
wlrq wkdw vflhqwl￿f surjuhvv riwhq wdnhv rq wkh vkdsh ri frpelqlqj h{lvwlqj slhfhv ri nqrzohgjh lq qhz
zd|v1 Rq wklv edvlv wkh qxpehu ri lghdv zloo whqg wr lqfuhdvh wkurxjk wlph e| frpelqdwruldo h{sdqvlrq1
Hyhqwxdoo|/ krzhyhu/ jurzwk zloo +ru udwkhu pljkw, whqg wr d frqvwdqw gxh wr pdq*v olplwhg fdsdflw| wr
surfhvv dq hyhu lqfuhdvlqj dexqgdqfh ri qhz lghdv1
;Ri frxuvh/ fxuyh 8 qhhg qrw eh prqrwrqlfdoo| ghfuhdvlqj wrzdug }hur1
9dq lqfuhphqwdo lqfuhdvh lq wkh vwrfn ri nqrzohgjh dv|pswrwlfdoo| ohdgv wr qr qhz lghdv/
l1h1 *4￿<" M￿  f1










D vlpsoh h{dpsoh wkdw looxvwudwhv vrph ri wkh lvvxhv lqyroyhg fdq eh frqvwuxfwhg xvlqj










c  u*u ' ?c +9,
zkhuh wkh sdudphwhuv ixooo f  ?		 /j:f /d q gj9 ' 1 Gxh wr vwulfw frqfdylw| ri
wkh vshflhg M0ixqfwlrq/ wkh jurzwk udwh ri nqrzohgjh lv dozd|v d ghfuhdvlqj ixqfwlrq ri
wkh vwrfn ri nqrzohgjh1 Wkxv/ wkh h{dpsoh rqo| looxvwudwhv fdvhv olnh fxuyh 5 ru fxuyh
8 lq Iljxuh 41 Zkhwkhu wkh nqrzohgjh ixqfwlrq lv ghvfulehg e| fxuyh 5 ru fxuyh 8 ghshqgv
rq zkhwkhu wkh hodvwlflw| ri vxevwlwxwlrq/ j/ lv deryh rqh ru ehorz rqh1 Dffruglqjo|/ wkh
hyroxwlrq ri wkh hfrqrp| ghshqgv fuxfldoo| rq zkhwkhu j:ru j	 1 Iurp htxdwlrq







d?  }￿o}￿ +:,
Wklv htxdwlrq jlyhv ulvh wr wkh wzr srvvleoh skdvh gldjudpv glvsod|hg lq Iljxuh 5d dqg
Iljxuh 5e1 Whfkqlfdoo| vshdnlqj/ wkhuh duh wkuhh vwhdg| vwdwhv fruuhvsrqglqj wr }￿ 'f /
} ￿ '? /d q g} ￿' 1 Krzhyhu/ lq wkh fdvh j: / wkh dyhudjh surgxfw ri nqrzohgjh/
ru htxlydohqwo| }￿/ lv erxqghg iurp ehorz e| / lpso|lqj wkdw wkh hfrqrp| fdq qhyhu
yhqwxuh lqwr wkh vkdghg duhd1 Wkxv/ wkh jurzwk udwh ri nqrzohgjh zloo judgxdoo| ghfolqh
dqg xowlpdwho| dssurdfk 1 Dffruglqjo|/ wkh orqj0uxq jurzwk udwh ghshqgv qhlwkhu rq
:wkh vl}h qru wkh jurzwk udwh ri srsxodwlrq zkhq wkh hodvwlflw| ri vxevwlwxwlrq lv deryh
rqh1 Rq wkh rwkhu kdqg/ li wkh hodvwlflw| ri vxevwlwxwlrq lv ehorz rqh/ wkh dyhudjh surgxfw
ri nqrzohgjh olhv lq wkh udqjh }hur wr / dqg wkh jurzwk udwh ri nqrzohgjh zloo wkhuhiruh
frqyhujh wrzdugv ?1 Khqfh/ lq wklv fdvh/ h{srqhqwldo jurzwk lq nqrzohgjh zloo hyhqwxdoo|
fhdvh xqohvv wkh srsxodwlrq frqwlqxhv wr h{sdqg1












Qrupdoo| lq wkh olwhudwxuh/ d vwulfwo| frqfdyh U)G surgxfwlrq ixqfwlrq/ olnh htxdwlrq +9,/
jlyhv ulvh wr vhpl0hqgrjhqrxv jurzwk1 Krzhyhu/ wklv lv gxh wr wkh irfxv rq Free0Grxjodv
ixqfwlrqv/ l1h1 rq dq hodvwlflw| ri vxevwlwxwlrq h{dfwo| htxdo wr rqh1< Xqiruwxqdwho|/
rxu nqrzohgjh ri wkh U)G surgxfwlrq ixqfwlrq lv olplwhg1 Vshflfdoo|/ zh gr qrw nqrz
zkhwkhu wkh hodvwlflw| ri vxevwlwxwlrq lv deryh ru ehorz rqh143 Fhuwdlqo|/ wkhuh lv qr
sduwlfxodu uhdvrq wr eholhyh lq h{dfwo| xqlw|1 Wkxv/ wr frqfoxgh/ lw lv lpsrvvleoh wr vd|
zklfk wkhru|/ hqgrjhqrxv jurzwk ru vhpl0hqgrjhqrxv jurzwk/ lv wkh pruh uhdolvwlf/ hyhq
zkhq frqqlqj rxuvhoyhv wr vwulfwo| frqfdyh U)G surgxfwlrq ixqfwlrq1
6 Hpslulfdo Lvvxhv
D vhfrqg olqh ri fulwltxh udlvhg djdlqvw hqgrjhqrxv jurzwk wkhru| lv hpslulfdoo| irxqghg1
Vshflfdoo|/ lw kdv ehhq dujxhg wkdw hqgrjhqrxv jurzwk wkhru| lqyroyhv xquhdolvwlf frq0











fdvh wkh prgho ihdwxuhv vhpl0hqgrjhqrxv jurzwk1
43Lq idfw/ wkhuh lv olwwoh krsh wkdw vxfk dq hodvwlflw| fdq hyhu eh uhfryhuhg hfrqrphwulfdoo| hyhq li
doo lqsxwv lq wkh U)G surgxfwlrq ixqfwlrq frxog eh txdqwl￿hg +l1h1 lqfoxglqj ￿nqrzohgjh￿,/ fi1 wkh
qrq0lghqwl￿fdwlrq wkhruhp e| Gldprqg/ PdfIdgghq/ dqg Urguljx} +4<:;,1 Ixuwkhupruh/ hyhq li wkhvh
hpslulfdo frpsolfdwlrqv duh uhvroyhg dqg wkh hylghqfh srlqw wr dq hodvwlflw| ri vxevwlwxwlrq ehorz rqh/ wklv
grhv h{foxgh wkdw wkh hodvwlflw| frqyhujhv wr d ydoxh deryh rqh/ zklfk pd| eh vx!flhqw iru hqgrjhqrxv
jurzwk1
;yhujhqfh vshhgv dqg lv lqfrqvlvwhqw zlwk hylghqfh rq wkh hhfw ri srolf| rq jurzwk1 Zh
zloo uhylvlw wkhvh wzr lvvxhv lq wxuq1
Wkh vshhg ri frqyhujhqfh lv ghqhg dv x'd  } @E |   } W
@E | o*d}E|  }W E|o/w k d w
lv wkh udwh dw zklfk wkh jurzwk udwh ri nqrzohgjh dssurdfkhv lwv orqj0uxq ydoxh144 Lw




1 Khqfh/ wkh udwh ri frqyhujhqfh dqg wkh
frqglwlrq iru orfdo vwdelolw| duh lghqwlfdo h{suhvvlrqv1 Qrz/ frqvlghu djdlq wkh frpprqo|
xvhg ixqfwlrqdo irup= M Ecu(k￿'B0Ek￿u
#1 Lq wkh hqgrjhqrxv jurzwk fdvh/ 0 ' /
frqyhujhqfh wr wkh vwhdg| vwdwh jurzwk udwh lv lqvwdqwdqhrxv1 Lq frqwudvw/ wkh frqyhujhqfh
vshhg lq wkh vhpl0hqgrjhqrxv jurzwk prgho lv jlyhq e| #?/ uh hfwlqj wkh idfw wkdw wkh
udwh ri nqrzohgjh jurzwk rqo| judgxdoo| dgmxvwv wr lwv orqj0uxq udwh1 Krzhyhu/ zlwk wklv
vshfldol}hg surgxfwlrq ixqfwlrq iru nqrzohgjh wkh hodvwlflw| ri vxevwlwxwlrq lv uhvwulfwhg wr
htxdo rqh1 Li zh lqvwhdg frqvlghu wkh pruh jhqhudo surgxfwlrq ixqfwlrq +9, wkhq wkh fdvh
ri hqgrjhqrxv jurzwk/ j: / dovr glvsod|v d judgxdo dgmxvwphqw wrzdugv wkh vwhdg| vwdwh
jurzwk udwh1 Pruh vshflfdoo|/ wkh udwh ri frqyhujhqfh lv j3￿
j E  ? lq wkh hqgrjhqrxv
jurzwk fdvh/ j: /f r p s d u h gz l w k
k




? lq wkh fdvh ri vhpl0hqgrjhqrxv
jurzwk/ j	 1 Lq wklv h{dpsoh wkh vshhg ri frqyhujhqfh xqghu hqgrjhqrxv jurzwk olhv
lq wkh udqjh }hur wr lqqlw|/ zkloh lw olhv lq wkh udqjh }hur wr ? lq wkh vhpl0hqgrjhqrxv
jurzwk fdvh1 Zlwkrxw dgglwlrqdo lqirupdwlrq derxw wkh sdudphwhuv/  dqg j/ pdwwhuv
fdqqrw eh sxvkhg pxfk ixuwkhu zlwkrxw ehfrplqj yhu| vshfxodwlyh lq qdwxuh1 Exw wklv
looxvwudwlrq grhv vxjjhvw wkdw/ d sulrul/ wkh frqyhujhqfh vshhg lq wkh hqgrjhqrxv jurzwk
fdvh lv dv  h{leoh dv wkdw ri wkh vhpl0hqgrjhqrxv jurzwk prgho1 Wklv lpsuhvvlrq pluuruv
wkh frqfoxvlrq hphujlqj iurp uhfhqw zrun rq lpsolhg udwhv ri frqyhujhqfh zlwklq pxowl0
vhfwru jhqhudo htxloleulxp hqgrjhqrxv dqg vhpl0hqgrjhqrxv jurzwk prghov1 Hlfkhu dqg
Wxuqrzvn| +4<<<e, vkrz wkdw wkh vhpl0hqgrjhqrxv jurzwk prgho doorzv iru frqyhujhqfh
vshhgv iru rxwsxw shu fdslwd lq olqh zlwk hpslulfdo qglqjv/ l1h1 lq wkh ylflqlw| ri wkuhh
shufhqw1 D vlplodu uhvxow lv/ krzhyhu/ ghulyhg iru d edvh olqh hqgrjhqrxv jurzwk prgho
dxjphqwhg zlwk fdslwdo lqvwdoodwlrq frvwv lq Ruwljxhuld dqg Vdqwrv +4<<:,1 Lq d vlplodu
yhlq/ Krzlww +5333, ghprqvwudwhv zlwklq d pxowl0frxqwu| hqgrjhqrxv jurzwk prgho wkdw
44Riwhq/ wkh udwh ri frqyhujhqfh lv irupxodwhg lq ohyhov/ udwkhu wkdq lq whupv ri jurzwk udwhv1 Krzhyhu/
lq frpsdulqj wkh suhglfwlrqv ri wkh prgho zlwk wkh hpslulfdo hylghqfh/ wkhvh wzr irupxodwlrqv duh
htxlydohqw1 Wr vhh wklv/ qrwh wkdw d vwdqgdug furvv0frxqw| uhjuhvvlrq zrxog eh jw
| ￿ oq|w ￿ oq|w￿4 @
￿oq|w￿4 . ￿{w/ zkhuh wkh hvwlpdwh iru ￿ fdq eh wudqvodwhg lqwr d udwh ri frqyhujhqfh ￿ { lv d yhfwru
ri dgglwlrqdo frqwurov1 Qrz/ wdnh wkh gl￿huhqfh ehwzhhq wklv htxdwlrq dqg wkh odjjhg yhuvlrq1 Wkhq/






/ zklfk fruuhvsrqgv wr wkh dssurdfk wdnhq khuh1
Dffruglqjo|/ hpslulfdo hvwlpdwhv iru ￿ fdq htxdoo| zhoo eh fdswxulqj wkh frqyhujhqfh vshhg lq ohyhov dv
lq jurzwk udwhv1
<wkh lpsolhg udwh ri frqyhujhqfh wrzdugv vwhdg| vwdwh lv vwulfwo| ehorz wkh udwh lpsolhg
e| wkh qhrfodvvlfdo jurzwk prgho1 Khqfh/ erwk iudphzrunv dsshdu wr eh fdsdeoh ri
txdqwlwdwlyho| pdwfklqj revhuyhg sdwwhuv ri frqyhujhqfh uhdvrqdeo| zhoo/ hyhq zkhq wkh
jurzwk hqjlqh lv Free0Grxjodv145
Zlwk wkh vshfldo ixqfwlrqdo irupv frqvlghuhg deryh lw lv fohdu iurp htxdwlrqv +6, dqg
+7, wkdw hfrqrplf lqfhqwlyhv dqg srolf| fdq dhfw vwhdg| vwdwh jurzwk lq shu fdslwd
lqfrph rqo| lq wkh fdvh ri hqgrjhqrxv jurzwk1 Wklv ihdwxuh kdv ehhq fulwlfl}hg e| Mrqhv
+4<<8d, rq wkh jurxqgv wkdw jurzwk lq vhyhudo RHFG frxqwulhv kdv ehhq idluo| frqvwdqw
iru ghfdghv/ zkloh h1j1 wd{ srolflhv kdyh fkdqjhg txlwh h{whqvlyho|1 Mrqhv +4<<8e, dujxhv
wkdw wkh vhpl0hqgrjhqrxv jurzwk prgho/ rq wkh rwkhu kdqg/ lv fdsdeoh ri pdwfklqj wkh
idfwv1 Iluvw/ qrwh wkdw wkh frqglwlrq iru vhpl0hqgrjhqrxv jurzwk/  Eu(k￿'f /l p s o l h v
wkdw wkh lpsruwdqfh ri wkh vkliw sdudphwhu/ k￿/ ydqlvkhv dv|pswrwlfdoo|1 Ru wr sxw
lw glhuhqwo|/ hfrqrplf lqfhqwlyhv/ srolf|/ dqg lqvwlwxwlrqv lq jhqhudo gr qrw kdyh dq|
v|vwhpdwlf lpsdfw lq wkh orqj uxq rq wkh pdujlqdo surgxfw ri nqrzohgjh lq surgxflqj
qhz nqrzohgjh/ dqg wkhuhiruh qr hhfwv rq orqj0uxq lqfrph jurzwk146 Dowkrxjk/ wklv lv
frqvlvwhqw zlwk wkh deryh idfwv wkh txhvwlrq lv zkhwkhu revhuylqj wkh odfn ri fr0pryhphqwv
ehwzhhq vrph hfrqrplf yduldeohv lv vx!flhqw wr h{foxgh dowrjhwkhu wkdw vrph hfrqrplf
idfwruv pd| pdwwhu iru orqj0uxq jurzwk147 Vhfrqg/ lq wkh hqgrjhqrxv jurzwk yduldqw k￿
lq xhqfhv wkh orqj0uxq jurzwk udwh rqo| lqvridu dv   ghshqgv rq wklv sdudphwhu1 Li  
dqg dovr wkh hodvwlflwlhv 8￿*t dqg 82u*t duh lqghshqghqw ri k￿/ hqgrjhqrxv jurzwk
rffxuv exw srolf| fdqqrw dhfw jurzwk shupdqhqwo|1 Lqghhg/ wklv sursruw| dulvhv lq rxu
FHV h{dpsoh zkhuh wkh orqj0uxq jurzwk udwh htxdov  zkhq j: >l qw k l vf d v h /s r o l f |
fdq rqo| whpsrudulo| dhfw wkh jurzwk udwh/ olnh lq wkh vhpl0hqgrjhqrxv jurzwk prgho1
Ilqdoo|/ rqh pd| dvn zkhwkhu revhuydwlrqv ri fkdqjhv lq glhuhqw srolf| yduldeohv gxulqj
d shulrg zlwk idluo| frqvwdqw jurzwk udwhv lpso| wkdw wkhvh srolf| yduldeohv gr qrw dhfw
45D vhsdudwh lvvxhv udlvhg e| Hlfkhu dqg Wxuqrzvn| +4<<<e, lv zkhwkhu wkhrulhv ri jurzwk duh frqvlvwhqw
zlwk gl￿huhqwldo udwhv ri frqyhujhqfh lq rxwsxw dqg whfkqrorj|/ uhvshfwlyho|1 Wkh| vkrz wkdw wzr0vhfwru
vhpl0hqgrjhqrxv jurzwk prghov fdq kdyh wklv surshuw|1 Zkloh prvw hqgrjhqrxv jurzwk prghov frqvwudlq
rxwsxw dqg whfkqrorj| wr dffxpxodwh lq sursruwlrq/ wkh prgho ghyhorshg e| Krzlww +5333, lv dovr fdsdeoh
ri jhqhudwlqj vxfk dv|pphwulhv1
46Qrwh wkrxjk wkdw jurzwk pd| eh lq xhqfhg lqgluhfwo| e| h1j1 hfrqrplf srolflhv li lw fkdqjhv wkh
hodvwlflwlhv lq wkh surgxfwlrq ixqfwlrqv dv ￿uvw srlqwhg rxw e| Hlfkhu dqg Wxuqryvn| +4<<<d,1 Irupdoo|
wklv dulvhv lq rxu prgho li wkh hodvwlflwlhv I4D@\ / I5O@\ / j4D@j/d q gj 5O@j ghshqg rq wkh ￿ sdudphwhuv1
Krzhyhu/ wklv grhv qrw ohdg wr dq| reylrxv srolf| suhvfulswlrqv vlqfh wkhuh lv qr wkhruhwlfdo uhodwlrqvkls
ehwzhhq wkh hodvwlflwlhv dqg wkh sdudphwhuv1
47Lq idfw/ uhfhqw hpslulfdo vwxglhv/ Nrfkhuodnrwd dqg \l +4<<:, dqg Nqhoohu hw do1 +4<<<,/ gr ￿qg wkdw
shupdqhqw fkdqjhv lq hfrqrplf srolf| kdyh shupdqhqw h￿hfwv rq lqfrph jurzwk udwhv1
43jurzwk1 Lw lv hdv| wr vhh wkdw wklv dvvhuwlrq  dw ohdvw lq sulqflsoh  lv zurqj1 Vxssrvh/
iru h{dpsoh/ wkdw wkh nqrzohgjh surgxfwlrq ixqfwlrq h{klelwv glplqlvklqj uhwxuqv wr
nqrzohgjh/ dv lq wkh fdvh ri fxuyh 5 lq Iljxuh 4/ wkhq jurzwk hqkdqflqj srolflhv pd|
vlpso| zrun wr frxqwhudfw d whqghqf| iru ghfolqlqj jurzwk udwhv wkdw zrxog rwkhuzlvh
kdyh suhydlohg1 Lq dgglwlrq/ rqh pd| dujxh wkdw uhjuhvvlrqv vkrzlqj wkdw wkh jurzwk
udwh lv lqghshqghqw ri wkh wd{ udwh pd| eh vxhulqj iurp rplwwhg yduldeoh eldv1 Lw pd|
zhoo eh wkh fdvh wkdw d kljkhu wd{ udwh kdv vljqlfdqw qhjdwlyh hhfw rq wkh jurzwk udwh/
exw wkdw wklv lv urxjko| rvhw e| d vljqlfdqw srvlwlyh jurzwk hhfw ri wkh surgxfwlyh
jryhuqphqw h{shqglwxuh wkdw wkh kljkhu wd{ udwh lv qdqflqj/ wkxv uhvxowlqj lq d vpdoo
ryhu0doo qhw hhfw1 Lq idfw/ wkh zhoiduh pd{lpl}lqj wd{ udwh lq d vlpsoh Eduur +4<<3,
prgho ri surgxfwlyh jryhuqphqw h{shqglwxuh frlqflghv zlwk wkh jurzwk pd{lpl}lqj wd{
udwh/ vr wkdw li wkh wd{ udwh lv forvh wr ehlqj rswlpdo/ wkhuh vkrxog eh olwwoh hhfw rq wkh
jurzwk udwh> suhflvho| dv wkh revhuydwlrq e| Mrqhv +4<<8e, vhhpv wr vxjjhvw148
7 Frqfoxglqj Uhpdunv
Lv lw xquhdolvwlf wr dvvxph frqvwdqw uhwxuqv wr nqrzohgjh lq surgxflqj qhz lghdvB Zkloh lw
lv whpswlqj wr frqfoxgh vr zkhq irfxvlqj rq vshflf ixqfwlrqdo irupv/ dv lv qrupdoo| grqh
lq wkh hqgrjhqrxv jurzwk olwhudwxuh/ zh kdyh dujxhg wkdw wklv frqfoxvlrq lv xqzduuhqwhg1
Lq idfw/ vxfk surgxfwlrq whfkqrorjlhv dulvh qdwxudoo| lq wkh orqj uxq li rqh lv zloolqj wr
vxevfuleh wr wkh suhvxpswlrq wkdw qhz slhfhv ri nqrzohgjh dozd|v ohdg wr wkh irupdwlrq ri
vrph qhz lghdv1 Lq dgglwlrq/ zh kdyh dujxhg wkdw hqgrjhqrxv jurzwk lv frqvlvwhqw zlwk
dydlodeoh hylghqfh rq udwhv ri frqyhujhqfh dqg srolf| hhfwlyhqhvv1 Wkxv/ hqgrjhqrxv
jurzwk wkhru| vkrxog qrw eh uhjdughg dv dq lpsodxvleoh nqlih0hgjh fdvh1
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Wkhru| dqg Srolf| Lpsolfdwlrqv1* Mrxuqdo ri Srolwlfdo Hfrqrp| <;+8,/ ss1 433;0436;1
45^48` Nqhoohu/ U1/ P1 Eohdqh|/ dqg Q1 Jhpphoo/ 4<<<1 cIlvfdo Srolf| dqg Jurzwk= Hylghqfh
iurp RHFG frxqwulhv1* Mrxuqdo ri Sxeolf Hfrqrplfv :7/ ss1 4:404<31
^49` Nrfkhuodnrwd/ Q1 U1 dqg Nhl0Px \l/ 4<<:1 cLv wkhuh Hqgrjhqrxv Orqj0Uxq JurzwkB
Hylghqfh iurp wkh Xqlwhg Vwdwhv dqg wkh Xqlwhg Nlqjgrp1* Mrxuqdo ri Prqh|/
Fuhglw/ dqg Edqnlqj 5<+5,/ ss1 56805951
^4:` Ol/ Fkro0Zrq/ 53331 cHqgrjhqrxv yv1 Vhpl0Hqgrjhqrxv Jurzwk lq d Wzr0U)G0
Vhfwru Prgho1* Hfrqrplf Mrxuqdo 443/ ss1 F43<0F4551
^4;` Ol/ Fkro0Zrq/ 53351 cJurzwk dqg Vfdoh Hhfwv= Wkh Uroh ri Nqrzohgjh Vslooryhu1*
Hfrqrplfv Ohwwhuv :7/ ss1 4::0;81
^4<` Ruwljxhuld/ V1 dqg P1 Vdqwrv/ 4<<:1 cRq wkh Vshhg ri Frqyhujhqfh lq Hqgrjhqrxv
Jurzwk Prghov*1 Dphulfdq Hfrqrplf Uhylhz ;:1 ss0 6;60<<1
^53` Slwfkirug/ M1 G1/ 4<931 cJurzwk dqg wkh Hodvwlflw| ri Idfwru Vxevwlwxwlrq1* Hfrqrplf
Uhfrug 69/ ss 7<408371
^54` Urphu/ S1/ 4<;91 cLqfuhdvlqj Uhwxuqv dqg Orqj0uxq Jurzwk1* Mrxuqdo ri Srolwlfdo
Hfrqrp| <7+8,/ ss 433506:1
^55` Urphu/ S1/ 4<<31 cHqgrjhqrxv Whfkqlfdo Fkdqjh1* Mrxuqdo ri Srolwlfdo Hfrqrp| <;/
:404351
^56` Vhjhuvwurp/ S1/ 4<<;1 cHqgrjhqrxv Jurzwk zlwkrxw Vfdoh Hhfw1* Dphulfdq Hfr0
qrplf Uhylhz ;;+8,/ ss1 45<3046431
^57` Vrorz/ U1 P1/ 4<<71 cShuvshfwlyhv rq Jurzwk Wkhru|1* Mrxuqdo ri Hfrqrplf Shuvshf0
wlyhv ;+4,/ 780871
^58` Xqlwhg Qdwlrqv/ 4<<;1 cZruog Srsxodwlrq Surmhfwlrqv wr 54831* Ghsduwphqw ri Hfr0
qrplf dqg Vrfldo Ddluv/ Srsxodwlrq Glylvlrq/ Qhz \run1
^59` Zhlw}pdq/ P1O1/ 4<<;1 cUhfrpelqdqw Jurzwk1* Txduwhuo| Mrxuqdo ri Hfrqrplfv
446+5,/ 6640931
^5:` \rxqj/ D1/ 4<<;1 cJurzwk zlwkrxw Vfdoh Hhfwv1* Mrxuqdo ri Srolwlfdo Hfrqrp| 439/
ss1 740961
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